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MOBIte COMMOSTCATIOS SYSTEM AMD 
«ET»OD 0, eomou.™ .WMOBuno. aE'i'wEEM BASE STATI0NS 

FIE LD OF THfc INVENTION 

5 The inv entioa „ laLes CQ a fflobUe ceminun . cac . on ^ d a 

-thod of controlling synchronisation between base stations. more 
particularly to a mobile communication system conducting radio 
communication by Timc D iv ision mLtipUx and ft Qf 
controlling synchronization between ba $e stations for the same. 
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BACKGROUND OF THE INVKMTTrm 
For Stance, in a mo bile communication system conducting radio 
co^aicacion in Ti, a . Diviaion Mulciolex , RUch as pH£ 
Handvphona SystQra) , a larS)e num > er Qf baae ^ ^ 

15 appropriate positions v ichi n a predetermined area, and thus 

, continuous services are secnred by cwitching base station in radio 
communication even when communication terminal c.lli« g via base 

j 3tatiou in i move* out of service area ot such base 3taciQu . 
• ^ Ch6 COTlventi °^ -obile communication ayctem of this type 

I 20 if there is a difference In fram* timing of radio communication, 

j b S tw ean adjacent bage stations sarvice fauure occurs ^ s ^ th 

| changeover or base station in communication involved in a position 

| ohift. Therefore, it i. important to synchroni2e ^ ^.^ q( 
| each base station. 

|25 one of th. conventional techn 0l og y of synchronising rrame r. im ing 

| of ea ch base station is a method to supply synchroni ,ing signals 
fro m exchange device (henceforth, pbx) . which is a host device to 
base nation (henceforth. B3). co each RS . . To explaiu cMs 
conventional technology referring to Pig. i, eync hroni< in , signfll 
fO general unit 107 is provided in pbx 101 . and it COl , DriSfiS sq ^ 
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co synchronised BS by supplying Syncnronizilig signal uith ^ 
riming to each of esill to il3 v ia Bs i/f unit io 8 co no. 

Further, a mobilp communication syscei n is disclosed in Japanese 
Pauenc Application Laid-open No . U . Safi „. which is Cunscrue , to 
> cue the cost and increase the stability of the SysCem by connerring 
«P-ch path swiuch ror .winching the internal and external lines 
and by comprising so that each BS can receive synchronizing signal . 
via chis speech path. 

However, there i, a Tallowing disadvantage in the conventional 
synchronization control betwePn base stations. 

A communication system of thio type ha* a i arge number of BS 
Placed wUMn a predPtermined area as above, and t.h. distance from 
the hose devic* pbx to each bs differs acceding co the position 
the BS i* P lac e d. m this case, arrival timing of synchronizing 
signal at a as disLanc from pnx . 9 fl QS ^ ^ ^ 

tran S mi 33i on path, may b» delayed, an d thus a difference of 
synchronizing signals between BS's is produced. 

Following ar* explanations of synchronising signal delay and 
* difference of radio transmission timing referring to Fig.;. 

As .,hown in Pig . 2 . thfee BS 4 „ , 0 , Q4 arc connecLed w _ ch 

with BS 402 and BS 403 installed at approximately eaua! distances 
from PDX 401 and with BS d04 installed in a relatively remote poaition. 
Prom PBX 401. synchronizing oignal 408 is output toward each BS with 
the same timing, when transmission path of BS 404 is longer than 
the other BS'c as thi S , the timing synchronising signal arrives at 
BS404 is later than Che other BS' e .( Se e code 409, Since each BS 
conducts radio communication with timing of synchronizing signal 
supplied to it. for radio communication timing 405 to 407 of each 
BS, radio communication timing 407 ot BS d 0 4 i. delayed by Td compared 
with timing of other BS'3. 
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xn such case, for Seance, when communication cermJn.i p s ia 
i" th. position chat aliov., receiving eleetjrlc wave from BS 403 and 
<04,n communication failure fflay ^ ^ ^ ^ ^ 

fr—. further, forinaunc,, waena^ohilJccnununicaUoa.emnal 
in communication w ith BS403 shlfts itc ^ 

communication to B404. smooth changeover .ay be inhibited and fault " 
such as circuit cut off may arise. 



SUMM ARY OF THE INVENTION 
10 Accordingly, it is an ot > Uct of che preccnfc cq 

a syctcm which synchronize. tiding of radio communication at eac h 
BS and a method for controlling the Sdme . 

According to a f irst features of ch e present invention, . raubile 
communication S y aCo m comprising a plurality of ba 3e stations which 
15 are located at appropriace positions & ^^.^ ^ 

and conduct rad io communications with a mobile communication 
tergal, and an exchange, office which is connected wich the base 
otation, and conducts the exchange control toward ■ an mxaul 
—or*, said exchanged office conducting a Time Division Multiplex 
radio communication by prwialllg a synchroni2iag ..^ from ^ 
exchange office to each of th« base stations, 
the system further enmprisee: 

delay time detection meanc for detecting an arrival delay ti„, e 
of the synchronizing ei g nal t0 each 0£ the faase eeationB; 

compntation means for computing a timing correction value which, 
synchrony a ra<aio communicanion t . m . ngof aU Qf ^ scati ^ Q 

for each base station on C he bacia of a delay tim* detected; and 
| conation means for correcting the synchronising siynal 

; -pplied to the b asa 6tacions accorainff ro the cimiRg correccion 
'30 value. 
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To correct thB tiaing diff flrence of ladl0 conummication lo 

sporadic installation position, of base ^ ^ 

invention, an arrival delav i ; mo n * 

| «e lay Ume of C 1ip synchronic signal for 

-ch oi n»* ba Sc 3tations ls & ^ ^ 

W hl ch synchronic a radio Cnmmunicatioa Qf ^ Qf ^ ^ 

S taticn 3 fox each base station on the b asis ot a dplay timo 
i. educed, and the synchronic* siffMl supplicd Co ^ base 
stations is corrected according to the timing correction vain. 
Consequently, timius , of radin commua . cat . on £or au 

station* can be synchronized. Therefore, interference r.o time clot 
from adjacent base Nation and co-uaication failure due to 
changeover of base station, is to oe prevented. 

Still, according to a second feature of the presenL invention 
it is preferable that the delay detection mean, comorise.,: 

««bo installed in the exchange office for centring a tC3t 
signal for delay time diction and 5eil ding the test signal to the 
base acations; 

means tor sending by return the test signal sent frQm ^ 
exchange office at the base station: and 

measuring means for receiving the test signal sent by return 
from the base stations and for during . elM difference 
times of transmission and arrival of the test-, signal. 

Thus, an ..curate amount of delay. time of aiguml Dath 
Emission for each base station can be obtained. Xt cesc signal 
sent from a exchange office i„ sent by return at the base station 
-d if delay time is detected from a time Xag of the algMl . o 
at the base station. 

Furthermore, according to a third .rear.re of p reaen: invencion 
a method of controlling synchronization between base scations in 
a mobile communication system comprising a plurali,y of base 
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stations which . ra locaCed ac appropriaLe position? & 

predetermined area and conduce radio codification, with a mobile 
communication terminal. aad an Wchange of fice ^ ^ 

with the b«. stations and conducts the exchange control toward an 
5 external network, the exchange office conductiug a ^ 

Multiplex radio communis r.ion by providing a synchronizing eign al 
from the exchange office to each of the bas« stationa. 
the method comprises the sceos of: 

detecting an arrival delay tinjR o£ the eyachroni , ing signal n „ 
10 fiach of the base stations; 

copputins a timing correction value which synchronizes timing 
of radio communication of all the base stations or, the bacio of delay 
.time detected for each of the base station 9; and 

correcting the synchronizing signal supplied to the base station 
15 according to the timing correction value. 



CHIEF DESC RIPTION OF THE DRAWINGS 

The invention win be explained in more detail in conjunction 
wich appended drawings, wherein: 

Wfi.i i. a block diagram showing the ouc1JLm Qf a mobile 
communication system in a first preferred embodiment according to 
the pruenL invention as Vcll as che convencional 
communication sysr.em; 

FIG,2 is a diagram for explaining a synchrony ing siynal delay 

^ baEe 3tati0ns in * «nv.»tional mobile communication 
system, 

PI0|3 is a block -digram shoving a suructure of BSI/F unit shown 
in Fiy.' i, 

FIG. 4 in a block diagram showing a structure of the BS shown 
in Fig. 1. 
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FIG-, i, a cec_uential chart shoving a synchronization control 
-thod in a mobile conation ey3tem , ueorWnff eft ^ ^ 
and 

FIG.* is a diagram showing an exai np]« of a toot ,ig„ a i arriving 
at a delay time detection unit shown in Pig.!. 

PSSCRTPTIOM OF TTIP PREFERRED EMBOnTMFWP 
Preferred embodiment according to rh. invention win be 
thoroughly explained bel0w in conjuncnion ^ 

Fig. i shows « pr . Cerr<M1 emhodinient of the invencion; for 

instance, composition of a mnbil, communication system such as PUB 
\ conducting radio communication in Time -Division Multiple, As 

j »ho.a in ,ig. i. a mobilc COmmUllication system of , nvenclon 

I uprises: a exchange office (pba, 10 , eona.cccd with public line 

j 15 network station SO, base stations ( U ) 111 to „ 3 which have a wir-d 
, connection with 5U ch pbxioi and are located at appropriate position, 

| within a predetermined ar M; and roobiu communica , ion termiaals 

j <M) U4 to 115. which tranomitA-eeeive signals with 3uch BS in 

| to 113 via radio communication. 

*BX10! is connected with network station 50 via 
circuit-, and comprising: circuit i/p units 103 Co 1Q5 _ vhich ^ 
circuit interfaces with network station =0; BSI/r mit9 108 to 110 
which are in charge of interface with BS ril to U 3; ep eech paLh 
avitch 102. wh^h conducts exchange control of 3peech paths on 
circuit lines; PBX central control nnit 10ff . which reguiates the 
Performance of the entire p B X including ouch speech oath switch 102; 
synchronizing signal generator unit 107 for supplying synchronising 
signal to BSU1 to 113. 

Fig. 3 is a Mock diagram showing th« structure of B S/if unit 
shown in Fig. x , Fic . 4 i5 a block dU?ram shcw . ng ^ aeruneuM 
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| of BS shown in Fig. x. AUhough BST/F un . t l0fl ^ as ui ^ 

j r ° CUSed 38 eXaD,PleS in Che -^-ation below, each BS/F u„ic 108 

I UO. and each as 1,1 to U3 are assumed to be similar iu 

i organization respectively A«s «h«w« < »■ 

, 5 comprise,: signal converter unit ,02; signal transmitter- receive 
j unit 203. tranamittin* signals with BS1U; test signal generator 

j unit 204; two bitches 205 and 206; delay time detection unit 207; 

j timing correction unit 208; and DSI/F unit, controlling these unit, . 

! Meanwhile, esm comprises: signal conv„t 9r unit 302 ; pbxi/k 

j 10 control unit 303, connected with this signal converter unit J02; 
! radio signal converter Unit 304; radio I/f control unit 305. 

j connected with radio signal converter unit 304: radio signal 

j transmitter. receive unit 307. wltn anCenna , Q6 tran3mictilly 

| signals with PS; .synchronising signal extract unit 309. extrkecing 

| 15 synchronizing signal included in controT signal fro* pbxioi: switch 
| 30 S ; r S central control unit. controlling these entire 

constituents. 

| A mobile communication system according to the invention i s 

, endowed with two modes of action.- normal operation mode, and test 

| 20 operation mod. for enabling synchronic tion control, which are 
j switched via directions £rom PBX cntral control unit 106. In 

! n ° rmal 0perati °» «**«. switch... 205. 30 « of B5I/F unit 108. and 

! swi tch 300 of BSUl are c n ang * d to 3 id e . in test operation mode. 

Che 3 e swipes 205, 206 and 303 are changed to *b« aide as below, 
in normal operation mode, controlling unit 209 of bsi/f unit 

j r6CfiiVeS di "«io»- £«» PbX central controlling unit and issues 

j controlling si g nalsj co asm . Synchronising signal generaCQr ^ 

j 107 applies synchronizing signal* with designated riming to each 
( MI/F unit 108 to 110. The synchronizing signals are sent to signal 
P0 converter unit 202. after they are corrected in ciminy correction' 
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converter uni t- 202 
102 (S201 ) . control 
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unit of Bbr/F „nit shown in Fig . 3 . ^ signal 
multiplexes sound 3i g„al from speech path switch 

Signal sent from BSI/f unit 209 co BS1U * n * * u . • " 

o o-ni 15203), and synchroni sing 

signal from timing correction unit 208 s*nrfinl *u 

unit tva, sending them to B3in via 

1 3igadl '""^"—civer unit. Also, it receives signals rro. 
BSlUvi, sig nal tr«.»Ucer.rac.tv. r unit 203 (S 20 7,, and separate 
thPm into cound signals t0 bft sent to JpMch ^ ^.^ ^ 

and control aignals to be sent to BSI/F unit 209 (S204) . 

Signals transmitted from B3I/F unit 108 (S206) arc separated 
to S ound signals < S303 > and control .signals (S3 oo, at signal 
converts unit 302 of asm. Control sig nal a are senc co PBXI/F 
unit 303 and synchronizing sigaaI , xtr<tcc ^ m ^ 
synchronizing signals (S.UlJ are extracted at synchronizing 3i g aa i 
extract unit 30«. Padio signal converter unit 30, multiple* in 
radio signal format 8 ound signal from signal converter unit 302 
(S303, and control oigna l 3 from BS central controlling unit 310 to 
be input via radio l/ F uni t 305 (s309) ^ 
transmitter-receiver unit 307 sen d this multiplexed signal (S305) 
from antenna 30*. with t imin g of synchronizing signals obtained at 
synchronizing signal extract unit 3 08. 

Meanwhile, radio oi g na i s transmitted fro* m0 biie terminal PS 
are received at radio signal transfer receive unit 307 via 
antenna 30*. and separated to SO und signal* ( S 304) and control 
•signal. (3310) at radio signal converter unit 304. Control signal* 
("10) are sent to BS central control unit 310 via radio I/F control 
unit 305; sound signa i 3 (S3 o 4 ) are sent to signal' converter unit 
302. Signal converter uait 30^ mulr.ip lo « eothissoun(isigrial (SJoJ) 

and control signal, from «XI/F control unit and send then, to P BX1 0l 
(Signal S207) . Thege oignals (S20?) entQr 

transputer- receiver unit 203 of bsi/p unit 10 i. anc arft senc to 
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eignal converter unit 202. where rhav 

wnere chey are separated to control 

signals (S204) and sound signal s rc:>mi mv 

una signals (S202) . Thcae sound signals (S202) 

are sent to external uetworir sri 

| "etworx 50. from cpeech path switch 102 of pbx 

101 via unoccupied circuit i/p unit. 

' This radio communication system Is construct. d co as to secure 

continuous call, for example whea a mohila tarminal ^ ^ ^ 
■been in communication with BS111 moves out to the area for BSU2. 
by switching communication to BS 1 12 under control of PBX control 
unit IOC. to realize such switching of BS smoothly, it is important 
to gain synchronization control, which synchronies, for each BS. 
rrame timing of radio communication. This system attempt to attain 
Chis goal by: detecting delay time of transmitting synchronizing 
signal for each BS under test operation mode, which is to b« explained 
in detail below; computing timing correction valu* in which radio 
communication timing is synchronized tor every BS and announcing 
it to each BS; and ensuring each BS to corr«ct synchronic* signals 
.uPDlied according to such correction value from synchronizing 
Signal generator unit 107 of PBX 101 before using. 

Pig.S is a sequential chart explaining, how test operation mode 
of a mobile communication syotem relating to th« invention works. 
First, in this t«.t operation mode, ^elay r.i. me detection request" 
(S301) is s«nt from PBX central Control unit 106 to BSI/F unit 10. 
-SI/P unit 108. which receives it. sends back -delay time deration 
acceptance" (S502, and starts control process coward BSUl. In this 
control process. BST/P unit oends -testing start request" (3503) 
to BSU1. in response to this, in order t , start ^ 
stops transmitting and receiving radio signal* and conducts block 
setting (SOD to stop accepting the connection of P S . On completion. 
BSUl cends "tasting start acceptance" (S504) to BSI/F unit 100. 
Receiving the same si gnal , B SI/F unit S *nds "return setting 
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request" (ssos) co asm bsiii 

HS111 - w hich receives jr.. send back 

"return setting acceptance' and change switch 309 shown in Fiy . 4 
to -b- side. subs.qu.nc eignal3 £roB pflX ini are ocnt by fecurji 
to PBX101 via switch 300. Huwever . eVfin when ^ ^ ^ ^ ^ 
5 "b» Si d fi . signals from pfixl01 arp suppUcd ^ s . 9|iai convart>r 

*02 as well. Receiving - reCurn ectting dccepCance „ (SS06)< Mi/p 

unit wait, for a certain amount of time and then Ganges avicch 205 , 
206 to "t>" (504) . 

Once this return setting is competed. to,t S ign al <S20» is 
10 output (505) from test signal generator unit 204 or SSI/F unit . 
Since switch 205 is secto -b- side, c..t signal (S205) is sen t out 
from signal transmitter- receiver unit 203 to Mm. Meanwhile, 
aince switch 309 is S9t to - h - side in «m. received aign.l (S205) 
is sent back by return to BSI/r unit 108 through switch 309 (signal 
5 S2071 . Signal oent by return Co B«/p unit 108 ( S207 , is supplied 
to delay time detection unit 207 via switch 206 which is set to -fa- 
side and compared with n„t signal (3205, which is sent directly 
from test'signal generator unit 204, so that d«lay tijnc ia deCect:efl . 
At this point, an example of test signal arriving at delay ciInft 
5 detection unit 207 is shown in Fig. 6. 

In Fig.,, compared with test signal transmitted from test signal 
generator unit 204 shown in the upper part. te,t signal sent 

by return from bshi shown in the lower part(S207, arriv es i„ e at 
delay time ■ detection unit 207. Tnls 1S the delay caused because 
BSlll is installed apart from PBX10 and it takes more Lin.e to transmit 
Signal. Furthermore, since BSlll to 113 are installed in separate 
Positions, jdelay time for each BS varia8 . As menrionad 
according to the present invention, it is structured so as to detect 
d«W cime from signal sent to PBX101 by return, a half of delay 
time tor this eignal sent by return is delay cime in on*, way of 
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transmission path. 

once C ran SmiSBion paLh delay tims ^ ±j ^ ^ 

1U. -port, detected delay ti.e «, to p BX cenLral CQntrol ^ ^ 
and cancels t e« SeCting by turning back ^ ^ ^ ^ ^ 

* Then u sends - return cancel requesc . (ssioj ^ 

^ saae signal. BS111 cancels test , 6 tting by turniliu back SwiKnh 
309 to -a- 6ide . and sends baf;k „ return accepcance „ (ssii) 

Subsequently, bsi/, unit 108 Se ndo -testing end r.«u.„t- ( SSl3 , Co 
BS1U. Receiving this. BSUi sends bac* "testing en d acceptance" 
< S 513, and c.nc.1. block setting. Uwing to thig< 3u3pension Qn 
transmission and reception of radio signal3 is cjmc . led ^ 
acceptance of P3 ejection reopens . 0nce ^ ^ 

norn.al operating conditions are re^ed, lc Sendfi - starting 
eo-pletiou report- , notifviag tIlat thp ^ 

15 successful. 

i 

j PBX central control unit 106 conduct* S i n ilar control over other 

i UI/P unit s 1M< U0, obtaining tran sm i 8eion path delay cimfi ^ 

! Tdj for other BS's 112, 113 (S12). When delay ci* e for all the BS • a 

j Hi to 113 is obtained, r^ing correction value is computed which 

j 20 allows synchronization of radio cc^unication timing for all Lhe 

|. Q3' S (313 ,. and notified fco each tim . ng ^^^^^ un . t of flsi ^ 

j unit (S51S to 517). Ac Lhis poinc . tim . ng CmcUn ^ 

! eomieed by. after BSC ablisMng randon, atandard value, computing 

th. difference of delay time from the standard value for each DS 
25 and it is possil)le to 9Stafali3h ^ ^ to 

for instance, delay , or Bs wUn c , e Um ^ ^ ^ ^.^ 

I of synchmnizin, aigna i received airerrly f rom 3ynchlonizing 
, generator unit l07 . Receiving r. his timing correccion ^ nQtice 
I B.I/P unit 108 records such correction v« M in tiraing corrcccion 
30 unit 207 (514-5U). and 3ends back ^ 
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accepcance" (ssie. 52 0) 

» U. operation a, bel0 „. timi „ g cor _ cicii ^ ^ ^ ^ 

-ir. „od ifi e, the unins of sy „ ch „ niziug sl9nai suppusd ^ 

synchronic, llBMl , Merator io . ; ar ^ rd . o5 ^ 

■tPMl no si9 „al „ nverL „ unu 20 , Thie correctoa syncttron . jing 
s.cnal ia extracts ln synchr „„ isin3 tlml ejitracc un . t ^ 

and «.. wt radio co™u»ic.cio„ i. ^ducted ln oorr . cted ^ 
t-ino. o.in, to control „ abovJ . „ dio C0B „„ niCit . on t . Bins _ >or 
'0 4H we BS' S m to , 13 is synct , roni;od 

Incidentally, .ionization control i„ ehis cest 
— . i. Stable, tor instance. »h.n the s , SCom ls opera „ d tor ^ 

«»"«i-..»«r.w.. r .l Mt .u. 4 . 11U1 . it n,ay be advances 
for i na t.nce. t. execute as . Mintenance a££er ^ 

■5 period. 

- «P1 ain.d above m «. tall . accordi „ g to the presen[ lnvMt ( ^ 
it » structured so as ,o detect delay ta of Lne „ ansmiasio „ o£ 

synchronic signal to each baoe ittaen _ w c ^ 

| coition value tor each baoe action on cne basis .f the delay 
! and to correct the synchronic, si 9 na, supply t, = itl base 

; stolon according t „e ti-in.corr.ction value, 

| It i. possible t0 ay»ch,o„i„ ti..„ of radio convocation for all 
! base station. ™™tor„. itlspoo , ibu , Q9IevMtintsiU ^ 

j •« accent base static to ti.c , lot aud coraMmi „ at .„„ ^ 

1 25 to switch in base gtation. 

j Alt„o Ufl „ the invention „as been Scribed .it,, resoect r, 

, ^cf.^e,, dear disdosure, the appended 

| cl.™ arc not to be thus li. f . t , d but ar e to b B construed as 

; all Edification and alternative constructions that .„ „. 

?0 to one skilled to. art vhich Uirlv £ al, vithin the basic cea c hl „ s 



herein set forth. 



